Lessons from the field

A bedside test for methemoglobinemia, Sri Lanka
Fathima Shihana,® Andrew H Dawson® & Nicholas A Buckley

Problem Propanil is an aniline herbicide that is widely used for rice cultivation, but is also used for self-poisoning. Toxicity from propanil
is largely due to methemoglobinemia. In resource-poor settings, the capacity to determine methemoglobin concentration is insufficient
and prevents effective case management, which results in increased deaths from propanil poisoning.

Approach Blood with a methemoglobin concentration greater than 15% of total haemoglobin levels appears brownish in colour. We
introduced a colour reference chart that can be used to semiquantitatively determine methemoglobinemia. Each ward in three rural
hospitals received a chart. Ward staff, medical officers and trainee doctors were given a presentation describing the test method and how
it should be used with the relevant national treatment guidelines.

Local setting In three rural hospitals in SriLanka, 401 patients were admitted with a diagnosis of propanil poisoning before the introduction
of this test (2003—2007) and 262 patients after it was introduced (2008—2014), 46 of 663 patients died.

Relevant changes The chart can be freely produced with any good-quality colour printer. In three rural hospitals, deaths from propanil
poisoning fell from 10% of those admitted with this diagnosis in 2003—-2007 (38/401) to 3% (8/262) in 2008-2014 and the use of methylene
blue increased from 10% (13/136) to 55% (59/107) over this period.

Lessons learnt This simple bedside test was associated with increased use of the first line treatment for propanil poisoning and improved
survival. In 2011, the test was included in the national guidelines for the management of propanil poisoning.

Abstractsin 4 g H13Z, Franqais, Pycckuii and Espafiol at the end of each article.

Introduction

Propanil is an aniline herbicide that is widely used for rice cul-
tivation. However, it is also used for deliberate self-poisoning.
Propanil poisoning is usually manifested by methemoglobin-
emia and haemolytic anaemia, disorders that lead to reduction
in effective oxygen transport and hypoxia.' In general, the
severity and symptoms of propanil poisoning correlate with
the methemoglobin level in the blood. The recommended
first-line treatment of methemoglobinemia is intravenous
administration of methylene blue, which reduces the heme
group from methemoglobin to hemoglobin. Methylene blue
is inexpensive, accessible and easy to administer. The initial
dose is 1-2 mg/kg of body weight with repeated doses titrated
against the clinical response. Alternative treatments, such as
ascorbic acid or N-acetylcysteine, are less effective, but can be
used if methylene blue is unavailable. Exchange blood transfu-
sion is only recommended when methylene blue or alternative
treatments are ineffective.’

The gold standard for determining methemoglobin
concentration in the blood is by spectrophotometry. How-
ever, in rural areas, laboratory services are limited and it is
usually not possible to measure methemoglobinemia with
spectrophotometers or co-oximeters. As a methemoglobin
concentration greater than 15% of total haemoglobin levels
gives a brownish colour to blood, concentrations above 15%
can be detected visually. Clinicians can use this visual method
to diagnose patients, but to measure response to methylene
blue treatment they need a more accurate method of quantifi-
cation. We therefore developed a simple and low-cost bedside
test for semiquantitative estimation of methemoglobin levels.
The test is described in detail elsewhere.’ One drop of blood is

placed on white absorbent paper and the colour of the blood
spot compared to a reference chart (Fig. 1),” corresponding
to an estimated level of methemoglobinemia. We describe
lessons learnt when using this bedside test in three hospitals
in Sri Lanka.

Local setting

In Sri Lanka, propanil poisoning has been recognized as a
significant clinical problem. Two cohort studies — from two
rural tertiary referral hospitals — have shown propanil self-
poisoning case-fatality of 11% (45/412).>” In these cohort
studies, we identified treatment patterns at odds with national
guidelines for the treatment of methemoglobinemia published
by the Sri Lankan National Poisons Centre. The guidelines
recommended the use of methylene blue as a primary treat-
ment.>® We observed relatively low use of methylene blue
and higher use of ascorbic acid or exchange transfusion.
Although clinicians reported that it was easy to diagnose
propanil poisoning, the lack of methemoglobin concentra-
tion measures made it difficult to determine whether patients
were responding to methylene blue. The lack of an objective
measure against which to titrate the dose lead to a recurrence
of methemoglobinemia in some patients.*” Clinicians also
raised two additional concerns in using methylene blue and
in managing the subsequent reductions in methemoglobin
concentration. First, methylene blue is ineffective in patients
with complete glucose-6-phosphate dehydrogenase (G6PD)
deficiency and may cause hemolysis.”* About one in every
20 people from Sri Lanka has G6PD deficiency.” Second, it is
known that excessive doses of methylene blue can, in theory,
cause or worsen methemoglobinemia.’
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Fig. 1. Semiquantitative estimation of methemoglobin levels in blood

Colour code for the detection of the amount of methemoglobin, %

Note: The upper picture shows the preparation of the blood sample and the lower picture shows the
comparison of the blood sample to the methemoglobin colour chart.

Credit: Fathima Shihana

Relevant changes

In collaboration with clinicians at three
tertiary rural hospitals, we introduced
the methemoglobin colour chart into
all the medical wards in 2008. For ward
staff, medical officers and trainee doc-
tors, clinical research staff gave a single
20-minute oral presentation describing
the test method,” and how it could be
used within the current national treat-
ment guidelines. We provided each
ward with a methemoglobin colour
chart. The chart was prepared using a
good quality printer in a local photo
studio. The accuracy of the reproduc-
tion of the colour chart was checked
with colour analysis that compared its
colours to the original colour values
derived in the test’s development.’ Each
ward received a poster that described
the use of the colour chart and reiter-
ated the national treatment guidelines.
After introducing the colour chart in
the hospitals, we validated the accu-
racy of the test in the field by taking
an additional sample from 13 patients

and analysing the blood using a spec-
trophotometer.’

Independent of the treating team,
clinical research assistants examined
all poisoned patients until discharge or
death. Clinical outcomes and treatment
of each patient was prospectively record-
ed into the cohort database. We then
identified, from the database, data on
patients admitted with propanil poison-
ing. We were able to examine outcomes
in 401 patients before (2003-2007) and
262 patients after (2008-2014) the in-
troduction of the test."

Lessons learnt

After we introduced the test, case-
fatality for propanil poisoning fell by
two-thirds, from 10% (38/401) to 3%
(8/262). Retrospective examination
of available patient medical records
showed an increase in the use of methy-
lene blue after the test was introduced:
from 10% (13/136) to 55% (59/107).'°
Records showed that titrated doses of
methylene blue were more common

Box 1. Summary of main lessons learnt

Low-cost bedside estimation of methemoglobin levels changed case management and
was associated with a reduction in deaths from propanil poisoning.

The test helped doctors to provide treatment consistent with national guidelines for

management of poisoning.

Applied research that addresses local clinical concerns can be translated into practice and

better health outcomes.
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than single-dose treatment and such
dosage patterns have been sustained.
The use of less effective treatments and
exchange transfusion were reduced,"
suggesting that clinicians accepted the
utility of this test in the management of
methemoglobinemia."

Our report has limitations. It is
possible that some of the survivals may
have been from unrelated improvements
in care at this time. Our quasi-exper-
imental comparison of two different
time periods cannot exclude alternative
explanations for the changes in num-
ber of deaths. However, the change in
management and reduction in deaths
was considerable and no major change
in these outcomes had been observed
within the study locations in the six
years before the intervention.

Box 1 summarizes the main les-
sons learnt. The uptake of the test into
practice was high, as the test quickly pro-
vided results, allowing more informed
use of national treatment guidelines.
Distribution of the colour chart was
cheap, as it could be printed from a
freely available file by any good-quality
colour printer."!

The simplicity and low cost of the
test presented here can facilitate the
treatment of methemoglobinemia in
resource-poor settings. The test was
included in the 2011 edition of the
national guidelines: Management of
poisoning® and in the curriculum of local
postgraduate training programmes for
clinicians and nurses. H
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Test de la méthémoglobinémie au chevet des patients, Sri Lanka

Probléme Le propanil est un herbicide a base d'aniline largement
utilisé dans les cultures rizicoles, mais aussi dans les cas d'auto-
empoisonnement. La toxicité du propanil se manifeste essentiellement par
une méthémoglobinémie. Les établissements aux ressources limitées ne
sont pas en mesure de déterminer la concentration de méthémoglobine,
ce quiempéchela prise en charge efficace des patients et la réduction du
nombre de déces par empoisonnement au propanil.

Approche Le sang dont la concentration en méthémoglobine est
supérieure a 15% du taux d’hémoglobine total a une couleur brunatre.
Nous avons mis au point un nuancier de couleurs qui peut étre utilisé
pour déterminer semi-quantitativement le taux de méthémoglobine. Un
nuancier de ce type a été remis a chacun des services de trois hopitaux
ruraux. Une description de la méthode de test et de la maniere de I'utiliser
dans le cadre des directives thérapeutiques nationales a été présentée au
personnel de ces services, aux médecins ainsi qu'aux internes.

Environnement local Dans trois hopitaux ruraux du Sri Lanka,
401 patients ont été admis avec un diagnostic dempoisonnement au
propanilavantlintroduction de ce test (2003—2007) et 262 patients apres
son introduction (2008—-2014); 46 des 663 patients sont décédés.
Changement significatifs Le nuancier peut étre produit librement avec
nimporte quelle imprimante couleur de bonne qualité. Dans les trois
hopitaux ruraux, le nombre de déces par empoisonnement au propanil
est passé de 10% des personnes admises avec ce diagnostic en 2003—2007
(38/401) a3% (8/262) en 2008-2014, et |'utilisation de bleu de méthyléne
est passée de 109% (13/136) a 55% (59/107) sur cette période.

Lecons tirées Ce test simple au chevet du patient a été associé
a une augmentation des traitements de premiére intention des
empoisonnements au propanil ainsi qu'a une amélioration de la survie.
En 2011, il a étéinclus dans les directives nationales sur la prise en charge
des empoisonnements au propanil.
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Pesiome

TecTupoBaHMe Ha MeTreMorno6uHemuio, BbINONHAEMOe Mo MecTy okasaHusa nomowy, Wpu-JlaHka

Mpo6nema [MponaHun — 3TO aHUAKMHOBbIV repObULMA, LNPOKO
NpYIMEeHAEMbI ANA BbIPAWMBAHMA PUCA, KOTOPLIM TaKKe MOXET
ObITb MCMOMB30BaH Af1A CaMOOTPaBNEHNA. TOKCHUeCckoe fAeicTBre
nponaHuna rno 6onblen YacTu CBA3AHO C MeTremMornobuHemen. B
YCIIOBUAX HEXBATKM PECYPCOB OTCYTCTBYET JOCTATOUHbBI NOTEHLMAN
ONA onpeaeneHna KOHUeHTpauun MeTremMornobmnHa, nostomy
OCyLWecTBNATL 3GPEKTUBHOE NleyeHne HEBO3MOXHO. ITO ABNAETCA
NPUYNHOM BOMBLIOTO KONMUECTBA CMepPTEN BCIIEACTBME OTPABNEHNISA
NPOMaHUIOM.

Mopaxopn KpoBb C KOHLEHTpaUel MeTreMorniobrHa, NpeBbILLIaIoLLEN
15% OT CYMMApHOIO YPOBHSA remornobuHa, MeeT KOpUYHEeBaTbIN
OTTEHOK. ABTOPbI MPeACTaBUAM CMPAaBOYHYIO LIBETOBYIO CXEMY
INS MONYKONMYECTBEHHOTO OMnpefeneHns MeTreMoriobuHeMUN.
Cxema 6blna NpeaocTasneHa B Kaxaoe oTaeneHne Tpex CenbCkux
6onbHNL. [InA nepcoHana, MeauUMHCKUX COTPYAHWKOB U Bpaveli-
NPaKTUKAHTOB OTAENEeHWI NPOBENN Npe3eHTaunio, B KOTOPOW
OMNMCbIBANCA CNocob TeCTMPOBaHUA 1 NOPAAOK ero NMpUMeHeH s
C cobniofileHremM COOTBETCTBYIOLLUMX HALMOHANbHBIX PYKOBOAALIMX
MPUHLMMNOB NIeYEHNA.

MecTHble ycnoBusa B Tpex cenbckux 6onbHuuax Wpu-Narku
401 naymeHT NocTynus C AMarHO30M «OTPaBfieHe NPOomnaHuIom»
110 TOro, Kak 6blno BBeeHO faHHoe TecTnpoBaHme (2003-2007 rr.),
1 262 nauymeHTa NocTynuav nocne ero seefenna (2008-2014 rr.).
Ymepno 46 13 663 nauneHToB.

OcyLuecTBieHHble NepemeHbl Cxema MOXeT ObiTb CAMOCTOATENBHO
M3roTOBMIEHa C MOMOLWLbIO MI0OOro KayeCcTBEHHOrO LBETHOro
npviHTEpa. B Tpex cenbckux 60MbHMULAX KONMYeCTBO CMepTel
OT OTPaBNeHUA NPOMNAHMIOM CHIM3MNOCL C 10% OT KonmMyecTBa
MOCTYNMBLUMX C TaknM ArarHo3zom B 2003-2007 rr. (38 3 401) go
3% (8 13 262) 8 2008-2014 T, @ KONMMYECTBO ClyYaeB UCMOMb30BAHWA
METUNEHOBOrO CMHEro BbIpoco ¢ 10% (13 13 136) 0o 55% (59 13 107)
33 3TOT Nepuog.

BbiBoabl BeegeHVe 3TOro NpocToro meTtoda TeCTMpOBaHUA Mo
MECTY OKazaHusa NoMOoLLM 0OyCoBMIO Gonee YacToe npuMeHeHve
neyeHns NepBoro pada Npwv oTPaBEHMN NPOMaHUNIOM 1 60bLLUYIO
BbIKMBaeMoCTb. B 2011 rofy meTof TeCTMpoBaHMA Obln BKIOYEH
B HaLWOHasbHble PyKOBOAALLME MPUHUMMBI BeAeHUA OOMbHbBIX C
OTpaB/eHneM NPOMaHUIOM.

Resumen

Una prueba de cabecera para la metahemoglobinemia, Sri Lanka

Problema El propanil es un herbicida de anilina muy utilizado para
el cultivo de arroz, pero también se utiliza para la autointoxicacién. La
toxicidad del propanil se debe principalmente a lametahemoglobinemia.
En entornos de escasos recursos, la capacidad para determinar la
concentraciéon de metahemoglobina no es suficiente e impide el
tratamiento eficaz de los casos, o que resulta en un mayor ndmero de
muertes por intoxicacién con propanil.

Enfoque La sangre con una concentracion de metahemoglobina
superior al 15% de los niveles totales de hemoglobina es de color
amarronado. Se introdujo un grafico de referencia de colores que
puede utilizarse para determinar la metahemoglobinemia de forma
semicuantitativa. Todas las plantas de tres hospitales rurales recibieron
un gréfico. El personal de la planta, los oficiales médicos y los médicos
en practicas asistieron a una presentacion que describia el método de
la prueba y como ha de utilizarse con las directrices de tratamiento
nacionales correspondientes.

Marco regional En tres hospitales rurales de Sri Lanka, 401 pacientes
fueron admitidos con un diagndstico de intoxicaciéon con propanil
antes de la introduccién de esta prueba (2003-2007) vy, después de
su introduccion, 262 (2008-2014). Murieron 46 de los 663 pacientes.
Cambios importantes El grifico se puede obtener de forma gratuita
con cualquier impresora a color de buena calidad. En tres hospitales
rurales, las muertes por intoxicacion con propanil cayeron de un 10% de
los pacientes admitidos con este diagndstico en 2003-2007 (38/401) a
un 3% (8/262) en 2008-2014,y el uso de azul de metileno aumenté de
un 10% (13/136) a un 55% (59/107) durante este periodo.

Lecciones aprendidas Esta sencilla prueba de cabecera se asocié con
elaumento del uso del tratamiento de primera linea para la intoxicacién
con propanil y un mayor nivel de supervivencia. En 2011, se incluyo la
prueba en las directrices nacionales para la gestién de la intoxicacién
con propanil.
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